UNIVERSITY    OF    ILLINOIS    3UULETIN 

Issues  Weekly 
Vol.  XXDI  August  10, 1  N0, 49 

I^S^^^"CMB,10I?ttteA£eCfmber,n'  191^'  at  th*  F*  nfHe*  at  Urbaaa,  Illinois,  under  tfe. 
Act  of  Augcwt  34,  1912.    Acceptance  for  mailing  at  the  special  rate  of  postaga  provided 
for  in  section  Uft»,  Act  of  October  3,  1917,  authorized  Jul  -  311918]  pTOVICea 


THE  DENSITY  OF  CARBON  DIOXIDE 
WITH  A  TABLE  OF  RECALCULATED  VALUES 

BY 

SAMUEL  W.  PARR 

AND 

WILLIAM  R.  KING,  Jr.    \ 


CIRCULAR  NO.  13 
ENGINEERING   EXPERIMENT  STATION 

Published  by  the  Ujoversitt  of  Ilu>, 


Price:  Fifteen  Cents 


[HE  Engineering  Experiment  Station  was  established  by 
act  of  the  Board  of  Trustees  of  the  University  of  Illinois 
on  December  8,  1903.  It  is  the  purpose  of  the  Station  to 
conduct  investigations  and  make  studies  of  importance  to  the 
engineering,  manufacturing,  railway,  mining,  and  other  industrial 
interests  of  the  State. 

The  management  of  the  Engineering  Experiment  Station  is 
vested  in  an  Executive  Staff  composed  of  the  Director  and  his 
Assistant,  the  Heads  of  the  several  Departments  in  the  College 
of  Engineering,  and  the  Professor  of  Industrial  Chemistry.  This 
Staff  is  responsible  for  the  establishment  of  general  policies  gov- 
erning the  work  of  the  Station,  including  the  approval  of  material 
for  publication.  All  members  of  the  teaching  staff  of  the  College 
are  encouraged  to  engage  in  scientific  research,  either  directly  or 
in  cooperation  with  the  Research  Corps  composed  of  full-time 
research  assistants,  research  graduate  assistants,  and  special 
investigators. 

To  render  the  results  of  its  scientific  investigations  available 
to  the  public,  the  Engineering  Experiment  Station  publishes  and 
distributes  a  series  of  bulletins.  Occasionally  it  publishes  circu- 
lars of  timely  interest,  presenting  information  of  importance, 
compiled  from  various  sources  which  may  not  readily  be  acces- 
sible to  the  clientele  of  the  Station. 

The  volume  and  number  at  the  top  of  the  front  cover  page 
are  merely  arbitrary  numbers  and  refer  to  the  general  publica- 
tions of  the  University  Either  above  the  title  or  below  the  seal 
is  given  the  number  of  the  Engineering  Experiment  Station  bul- 
letin or  circular  which  should  be  used  in  referring  to  these  pub- 
lications. 

For  copies  of  bulletins  or  circulars  or  for  other  information 
address 

The  Engineering  Experiment  Station, 
University  of  Illinois, 

Ubbana,  Illinois 


UNIVERSITY  OF  ILLINOIS 
ENGINEERING  EXPERIMENT  STATION 

Circular  No.  13  August,  1926 


THE  DENSITY  OF  CARBON  DIOXIDE 
WITH  A  TABLE  OF  RECALCULATED  VALUES 


BY 

SAMUEL  W.  PARR 

Professor  of  Applied  Chemistry 

AND 

WILLIAM  R.  KING,  JR. 

Assistant  in  Chemistry 


ENGINEERING  EXPERIMENT  STATION 

Published  by  the  University  of  Illinois,  Urbana 


CONTENTS 

PAGE 

I.  Introduction        5 

1.  Introduction         5 

2.  Formula  Used  for  Calculation  of  1909  Table 6 

II.   Developement  of  Formula  for  Calculation  of  New  Table  6 

3.  Correction  for  Deviation  from  Perfect  Gas  Law        ...     6 

4.  Correction  for  Expansion 8 

5.  Correction  for  Density 11 

6.  Correction  for  Barometer 12 

7.  Correction  for  Tension  of  Aqueous  Vapor 13 

8.  Accuracy  of  Determined  Value  of  Coefficient  of  Deviation  13 

9.  Comparison  of  Values  in  Old  and  New  Tables    .      .      .      .16 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/bulletinu13univ 


THE  DENSITY  OF  CARBON  DIOXIDE 
WITH  A  TABLE  OF  RECALCULATED  VALUES 

I.  Introduction 

1.  Introduction. — Rccalulated  values  for  the  density  of  carbon 
dioxide  for  temperatures  from  10  to  30  degrees  and  pressures  from  720 
to  770  mm.  were  published  in  the  Journal  of  the  American  Chemical 
Society,  Vol.  31,  page  237  (1909).  It  was  the  purpose  of  this  table  to 
correct  the  errors  which  were  inherent  in  the  original  Dietrich  calcu- 
lations first  published  in  1862  and  which  had  become  the  common  table 
of  reference  from  that  date.  In  the  newly  calculated  table,  the  order  or 
variation  from  the  original  Dietrich  table  was  approximately  four  units 
in  the  third  decimal  place  for  the  lower  temperatures  and  pressures. 
This  variation  dropped  to  only  about  one  unit  in  the  higher  ranges, 
although  the  initial  value  for  carbon  dioxide  at  zero  degrees  and  760 
mm.  pressure  varied  from  the  accepted  value  by  approximately  one 
unit  in  the  second  decimal.  The  calculated  values,  therefore,  bearing 
the  date  of  1909,  have,  in  the  main,  displaced  those  of  the  earlier  Dietrich 
table.  Following  the  publication  of  this  table,  however,  a  number  of 
other  factors  have  entered  into  the  case.  For  example,  in  the  Van 
Nostrand's  Annual  for  1922,  the  table  has  been  extended,  covering  the 
same  range  of  temperatures,  but  including  barometric  pressures  from 
700  to  770  mm.  This  extension  of  the  table  to  cover  lower  barometric 
pressures  is  not  altogether  consistent  in  its  calculated  values  with  the 
original  part  of  the  table.  This  fact  in  itself  might  not  be  sufficient 
argument  for  recasting  the  table.  However,  it  seems  worth  while  at 
the  present  time  to  extend  the  table  to  cover  a  wider  temperature 
range,  namely,  from  10  to  35  degrees,  and  also  to  incorporate  in  the 
formula  for  deriving  the  values  given  a  factor  which  will  take  account  of 
the  deviation  of  carbon  dioxide  from  the  gas  laws.  Having  decided 
upon  the  desirability  of  these  changes,  it  was  also  deemed  better  to  make 
the  calculations  for  readings  on  a  barometric  brass  scale  than  for  read- 
ings on  a  glass  scale.  This  latter  change  is  of  small  moment,  and  indeed 
may  become  less  significant  as  material  both  of  brass  and  glass  may  be 
used  in  the  future  with  a  still  lower  coefficient  of  expansion  than  is  at 
present  obtainable.  In  any  event,  the  new  calculations  made,  as  indi- 
cated, result  in  very  slight  deviations  from  the  table  as  published  in 
1909,  the  difference  being  on  the  average  only  about  one  unit  in  the  third 
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decimal  place.  However,  it  is  evident  that  the  extended  table  should 
be  consistent  throughout  and  should  also  be  corrected  with  reference 
to  the  points  thus  noted. 

2.  Formula  Used  for  Calculation  of  1909  Table. — For  a  review  of 
the  derivation  and  theoretical  discussion  of  the  original  formula  as  used 
in  the  1909  table,  reference  should  be  made  to  the  article  already  men- 
tioned.* As  a  basis,  however,  for  discussing  the  changes,  it  will  be 
found  desirable  to  repeat  the  original  formula  with  a  summary  of  the 
factors  entering  into  the  calculations. 

Observed  weight  of  1  liter  C02  at  0  deg.  and  760  mm.    (Guye, 

Jour.  chim.  phys.,  April,  1907),  for  Lat.  45  deg.  =  1.9768. 

Corrected  value  for  C02,  Lat.  41  deg.,  elevation  100  meters. 

1.9768  X  0.9  996  007  =  1.9760. 

Coefficient  of  expansion  for  C02,  at  constant  volume  (Chap- 

puis,  1903)  =  0.0  037  135. 

Formula  used : 

v  (P  -  w  -  b) 


760  (1  +  0.0  037  135  X  t) 


in  which  P  is  the  observed  pressure,  w  the  correction  for  tension  of 
aqueous  vapor,  and  b  the  correction  for  barometer,  glass  scale. 

Hence,  the  formula  for  W,  weight  of  1  liter,  observed  volume,  re- 
duced to  0  deg.  and  760  mm.,  would  be 

1.976  (P  -  w  -  b) 
t\   = 


760  (1  +  0.0  037  135  X  t) 
The  original  table  was  calculated  on  this  basis. 

II.  Development  of  Formula  for  Calculation  of  New  Table 

3.  Correction  for  Deviation  from  Perfect  Gas  Law. — First  and  most 
important  in  the  derivation  of  the  new  formula  is  the  inclusion  of  an 
expression  to  take  care  of  the  deviation  from  the  gas  laws.  Various 
gases,  including  C02,  deviate  from  the  perfect  gas  law  of  Boyle  and  from 
Berthelot's  equation  of  state  due  to  pressure  changes.  Careful  experi- 
ments on  the  behavior  of  gases  over  extended  ranges  of  temperature  and 
pressure  have  shown  that  the  fundamental  gas  equation  pv  =  RT, 
is  not  strictly  applicable  to  any  one  gas,  the  deviations  depending 
upon  the  nature  of  the  gas  and  the  conditions  under  which  it  is  observed. 

♦Journal  of  American  Chemical  Society,  vol.  31,  No.  2,  p.  237,  Feb.,  1909. 
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It  has  been  shown  that  the  gas  laws  are  more  nearly  obeyed  the  lower 
the  pressure,  the  higher  the  temperature,  and  the  further  the  gas  is 
removed  from  the  critical  state. 

pv 
Starting  with  the  assumption  that  for  a  perfect  gas  ~^  =  1, 

til 

pv 
Washburn*  gives  the  following  observed  data  for  values  of  r=-z  for  car- 

Kl 

bon  dioxide: 

Temperature  Pressure  pv 

~RT 

0°C.  0.1  atm.  0.9993 

0°  1.0  0.9932 

These  values  show  that  the  experimental  data  bear  out  the  theoretical 

pv 
statement  for  effect  of  pressure.    At  1.0  atmosphere  the  value  of  77^ 

calculated  from  Berthelot's  equation  is  0.9931,  a  difference  of  0.01  per 
cent  from  the  experimental  value. 

For  a  more  nearly  exact  statement  of  the  gas  law  a  term  should  be 
included  expressing  the  deviation  from  the  gas  law  in  terms  of  a  constant, 
B,  times  the  pressure,  as 

wr  =  (1  +  Bp) 

Taking  Washburn's  experimental  value  of  0.9932  at  760  mm.,  it  follows 
that 

1  +  B  760  =  0.9932 
B  760  =  -0.0068 

B=  -0.000  008  947 
which  is  the  constant  of  deviation. 
From  the  general  expression  just  given 

pv  =  RT  (1  +  Bp) 

At  standard  conditions  of  temperature  and  pressure 

p0v0  =  RT0  (1  4-  Bp0) 


*Washburn,  "Physical  Chemistry,"  2nd  ed.    1921.  p.  41,  Table  II. 
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Since  R  is  the  same  in  both  equations, 

PoVo  _         pv 

(1  +  Bp0)T0   "(1  +  Bp)T 

whence 

_  pvT0  (1  +  Bp0) 
Vo        p0T  (1  +  Bp) 

Substituting  the  following  values: 

p  =  (P  —  w  —  b)  =  observed  pressure  corrected  for  aqueous  vapor 

and  brass  scale 
p0  =  760  mm.  Hg.  absolute  or  standard  pressure 
T0  =  0  deg.  C. 
T  =  t  =  observed  temperature 

the  formula  becomes 

v  (P  -  w  -  b)  (1  +  B  760) 


V0  = 


760  t  [1  +  B  (P  -  w  -  b)] 


To  this  must  be  added  a  correction  factor  for  the  coefficient  of  expansion 
for  C02,  which  was  taken  in  the  original  equation  as  0.0037135.  This 
factor  will  affect  the  observed  temperature.    The  formula  now  becomes 

v   =  v  (P  -  w  -  b)  (  1  +  B  760) 

0       760  (1  +  0.0  037  135  X  0    [1  +  B  (P  -  w  -  b)] 

which  will  be  observed  to  be  the  same  as  the  original  formula,  with  the 
addition  of  the  fractional  expression  to  correct  for  deviation  from  the 
gas  laws. 

4.  Correction  for  Expansion. — The  second  modification  to  be  in- 
troduced in  the  new  formula  is  an  expression  for  the  coefficient  of  ex- 
pansion of  C02  more  nearly  correct  in  all  cases  than  the  figure  0.0  037  135 
used  in  the  older  formula.  Chappuis*  in  his  study  of  expansion  coeffic- 
ients gave  for  carbon  dioxide,  at  constant  volume,  and  temperatures 
from  0  to  40  deg.,  a  coefficient,  for  518  mm.  pressure,  of  0.0036  972,  and 
for  998  mm.  pressure,  of  0.0  037  299.  In  the  original  paper,  by  interpo- 
lation at  a  pressure  of  758  mm.,  Parr  obtained  the  ratio  of  expansion 
per  degree  of  temperature  as  0.0  037  135.     This  coefficient  was  the  one 

*Chappuis,  Trav.  et  Mem.  du  Bur.  Intern,  des  Poids  et  Mes.,  XIII,  190,  1903. 
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Fig.  1.  Coefficient  of  Expansion  of  COj 


used  in  the  earlier  formula,  and  is  correct  for  only  the  one  pressure. 
It  will  be  more  accurate  to  express  the  coefficient  in  terms  of  a  coefficient 
times  the  observed  pressure  plus  a  constant,  all  of  which  may  be  ex- 
pressed by  the  symbol  a.  That  portion  of  the  denominator  of  the  new 
formula  which  contains  the  expression  for  the  coefficient  of  expansion, 
namely, 

760  (1  +  0.0  037  135  X  0 
may  be  written  as 

760  (1  +  a  t) 

where  a  =  (Kp  -\-  C),  p  again  being  equal  to  the  observed  pressure, 
=  (P  —  w  —  b)  corrected,  now  giving  as  the  expression 

760  [1  +  [K(P  -  tv  -  b)  +  C)  t] 

It  now  becomes  nesessary  to  determine  the  values  of  K  and  C.  Plotting 
pressures  against  coefficients  gives  a  straight  line  through  most  of  these 
points  (see  Fig.  1).  For  the  purpose  of  this  discussion  those  values 
marked*  in  Table  1  will  be  used. 

Using  the  four  values  for  coefficients  marked,*  we  have  six  possible 
combinations  for  a  simultaneous  equation  from  which  the  value  of  K 
may  be  determined,  as,  for  example, 
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0.0  037  536  =  A  998  +  C 
0.0  037  100  =  A  518  +  C 
Subtracting        0.0  000  436  =  A  480 

A  =  9083  X  10~11 

Solving  the  six  equations  in  this  manner,  we  obtain  six  values  for  A, 
as  follows: 

Using  pressures  of  760  -  518,  A  =  11  157  X  10" 
Using  pressures  of  1377  -  998,  A  =  9762  X  10"1 
Using  pressures  of  1377  -  518,  A  =  9383  X  10"1 
Using  pressures  of  998  -  518,  A  =  9083  X  10"1 
Using  pressures  of  1377  -  760,  A'  =  8687  X  10 
Using  pressures  of    998  -  760,  A'  =    6974  X  10 

From  these  an  average  value  of  91325  X  10~!2  was  taken  for  K. 

Substituting  this  value  of  A  in  the  four  equations  corresponding 
to  the  four  values  for  coefficients  marked,*  and  solving  for  C  we  get 
the  following  values: 

0.0  037  052  694 

0.0  036  675  930 

0.0  036  624  577 

0.0  036  648  455 

which  give  a  mean  value  for  C  =  0.0  036  750  414. 

The  new  formula  as  developed  will  now  stand,  showing  sequence 
of  derivation, 

§-.1  +  1*  CD 


(2) 

(3) 


V    = ^ - u'  v    ^       '"  ; (4) 

0       760  (1  +  a  t)  [1  +  B  (P  -  w  -  b)  ]  w 

v v(P-w-b)(l  +  B  760) () 

0       760  [1  +  {A  (P  -  w  -  b)  +  C]  t]  [1  +  B  (P  -  w  -  b)  ]  K  ' 


pv  T0  (1  +  Bp0) 
Vo        P0  T{l  +  Bp) 

V0 

v  (P  -  w  -  b)  (1  +  5  760) 

~  760  t  [1  +  B  (P  -  w  -  b)  ] 

v  (P  -  w  -  b)  (1  +  B  760) 
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Table  1 
Coefficient  of  Expansion  of  CO  2  at  Constant  Pressure 

In  the  latest  literature  the  following  values  are  found  for  the  coefficient  of  expansion  of  CO2  at 
constant  pressure,  giving  the  change  in  volume  per  unit  volume  per  degree  Centigrade. 


Temperature,  deg.  C. 

Pressure,  mm.  Hg. 

Coefficient 

Observer 

Source 

0-40 

518 
518 
710 
760 
998 
998 
1377 
1377 

0.003709 
•0.0037100 

0.0037320 
•0.0037370 

0.0037602 
•0.0037536 

0.0037972 
•0.0037906 

Chappuis 
Chappuis 
Chappuis 
Chappuis 

0-40 

1903 

0-40 

Chem.  Yr.  Bk., 

0-40 

1924 

0-20 

0-40 

1903 

0-20 

0-40 

1903 

where   B  =  -8947  X  10"9 
K  =  91  325  X  10"12 
C  =  0.0  036  750  414 
P  =  observed  pressure 
t  =  observed  temperature 

5.  Correction  for  Density. — In  1909  Parr  used  the  value  1.9760 
grams  for  the  weight  of  1  liter  of  pure  dry  carbon  dioxide  at  0  deg.  and 
760  mm.,*  corrected  for  latitude  of  41  deg.,  and  an  elevation  of  100 
meters.f  The  latest  data  on  C02  in  regard  to  density  are  based  on 
practically  the  same    information. 

The  following  data  are  taken  from  the  Chemists  Year  Book,  1924: 
Density  of  C02.    Data  in  grams  per  liter  (1000.027  cc.)  at 
0  deg.  C.  under  pressure  of  760  mm.  of  mercury  at  0  deg.  C.  and 
latitude  45  deg.  at  sea  level.J 
Mol.  Wt.  (O  =  16)  =  44.00 
Relative  density  =  22.133 
Observed  density  =  1.9768  gm.  per  liter. 
Phys.  Chemische  Tabellen,  Vol.  I,  Landolt-Bornstein,  p.  269  (1923), 


give 


Observed  density  of  C02 
1.9769H 
1.9763  § 

1.9768**  Latitude  41  deg. 
taking  the  value  1.9768  X  0.9  996  007  =  1.9760. 


•Journal  of  American  Chemical  Society,  31,  No.  2,  237,  Feb.  1909. 

f'The  latitude  of  41  deg.  is  less  than  J-^  deg.  from  New  Haven,  New  York,  Pittsburgh,  Urbana 
111.,  Lincoln,  Neb.,  Salt  Lake  City,  etc."   Wells,  "Chemical  Calculations,"  p.  40. 
JGuye.  1905. 

IfRayleigh,  Proc.  Roy.  Soc,  62,  204,  1898. 
§Leduc,  Ann.  Chim.  Phys.,  15,  1,  1898. 
**Guye,  Mem.  de  Geneve,  35,  569,  1908. 


12 


ILLINOIS   ENGINEERING    EXPERIMENT  STATION 


Table  2 

Effect  of  Type  of  Scale  on  Barometer  Correction  Factor  b  and  Value  of 
Weight  of  CO2  W  Calculated  from  Original  Formula 


Temperature 
deg.  C. 

b 

IT 

Pressure 
mm.  Hg 

Bv  Glass 
Scale 

By  Brass 
Scale 

By  Glass 
Scale 

By  Brass 
Scale 

Difference 

720 

10 
20 
30 

10 
20 
30 

10 
20 
30 

1.24 
2.48 
3.73 

1.27 

2.55 
3.83 

1.32 
2  64 

3.97 

1.16 
2.32 
3.49 

1.19 

2.39 
3.59 

1.24 
2.48 
3.73 

1   7788 
1 . 6945 
1.6018 

1 . 8289 
1.7427 
1 . 6480 

1 . 9040 
1.8151 
1.7182 

1  7789 
1 . 6948 
1 . 6024 

1.8291 
1   7431 
1 . 6486 

1 . 9042 
1.8155 
1.7188 

0  0001 

740 

0  0003 
0.0006 

0  0002 

770 

0.0004 
0.0006 

0  0002 

0.0004 
0.0006 

' 

Since  weight  W  —  volume  X  density,  the  weight  W  of  1  liter 
observed  volume  reduced  to  0  deg.  and  760  mm.  will  be  given  by  the 
formula 


W 


1.976  (P  -  w  -  b)  (1  +  b  760) 


760  [1  +  \K  (P  -  w  -  b)  +  C]  t]  [1  +  B  (P  -  w  -  b)  j 


6.  Correction  for  Barometer. — The  next  modification  of  the  original 
formula  is  in  regard  to  the  factor  b,  the  correction  for  barometer.  In 
the  original  formula  correction  was  made  for  a  glass  scale.  In  the 
present  formula  correction  is  made  for  a  brass  scale.  In  order  to  show  the 
effect  of  using  the  brass  scale  correction  instead  of  that  for  the  glass 
scale,  and  the  significance  of  the  different  results  calculated,  a  few 
values  of  the  weight  of  C02  have  been  calculated  for  different  portions 
of  the  table.  In  order  to  show  the  difference,  the  original  formula  may 
be  used. 


2,   show  a    difference   of    from    0.0001    to 
caused  by  use  of  glass  or  brass  scale,  re- 


These  results,  Table 
0.0006  in  the  value  of  II" 
spectively. 

Having  thus  shown  that  the  use  of  the  correction  coefficients  for 
brass  scale  makes  sufficient  difference  in  final  values  to  warrant  a  change 
from  coefficients  for  glass  scale  to  coefficients  for  brass  scale  in  the  origi- 
nal formula,  the  next  step  was  to  obtain  the  most  accurate  table  of  data 
for  coefficients  for  barometer  with  brass  scale. 
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Readings  of  the  barometer  require  to  be  corrected  for 

(a)  Capillary  depression  of  the  Hg.  in  the  tube,  if  the  tube  is  less 

than  about  15  mm.  bore 

(b)  Temperature  of  the  Hg.  column  and  scale 

(c)  Variation  of  "gravity"  from  the  standard,  owing  to  the  differ- 

ence in  latitude  from  45  deg.,  or  to  the  height  above  sea  level. 

Corrections  (b)  and  (c)  are  necessary,  since  the  standard  gravity,  to 

which  densities  of  gases  are  always  reduced  for  comparison,  signifies 

that  at  45  deg.  latitude,  at  sea  level,  and  with  the  Hg.  column  at  0  deg.  C. 

Barometric  readings  can  be  reduced  to  0  deg.  C.  as  follows:*        The 


corrected  height  B0  =  Bt 


1  -  (K  -  a)t 
1  +  K  t 


where 


Bt  =  reading  observed  at  temp,  t  deg.  C. 

K  =  coefficient  of  cubical  expansion  of  mercury 

a  =  coefficient  of  linear  expansion  of  the  scale 

(K   -   a)  t 
The  factor  Bt  X  — ~ — ; — ^r, —  is  to  be  substracted  from  Bt 
1  +  Kt 

K  =  1818  X  10"7 
a  =  184  X  10~7  for  brass  scale 
a  =    85  X  10~7  for  glass  scale 

The  values  given  in  Table  3  were  not  derived  from  this  equation,  but 
may  be  closely  checked  by  its  use  if  desired. 

7.  Correction  for  Tension  of  Aqueous  Vapor. — The  value  of  W, 
correction  factor  for  aqueous  vapor  tension,  is  given  in  millimeters  of 
mercury  at  0  deg.  C.  The  most  recent  literature  does  not  quite  agree 
upon  data  for  tension  of  aqueous  vapor.  The  tables  of  data  found  in 
current  handbooks  do,  however,  follow  one  of  two  authorities.  These 
are  given  in  Table  4.  Since  the  values  vary  only  in  the  second  deci- 
mal in  most  cases,  they  have  been  averaged,  and  the  mean  taken  as 
the  standard  for  this  work. 

8.  Accuracy  of  Determined  Value  of  Coefficient  of  Deviation. — To 
check  the  determined  values  of  the  coefficient  of  deviation, 
B  =  —  8947  X  10"9,  a  graph,  Fig.  2,  was  made  using  values  of  pv  and 
v  given  by  Washburn.* 

•International  Meteorological  Tables,  1S90.    Used  in  the  Chemists'  Year  Book  of  1924. 
*Washburn,  "Physical  Chemistry,"  2nd  ed„  1921,  p.  41,  Table  II. 
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Table  4 
Values  of  Aqueous  Vapor  Tension  Correction  Factor  W 


Aqueous 

Vapor  Tension  Correction  Factor  W 

Temperature  deg.  C. 

I 

II 

Mean  Value 

(used  in 
calculations) 

10   

9.1398 
9.7671 
10.4320 
11.137 
11.884 

12.674 
13.510 
14.395 
15.330 
16.319 

17.363 
18.466 
19.630 
20.858 
22.152 

23.517 
24.956 
26.471 
28.065 
29.744 

31.510 
33.366 
35.318 
37 . 369 
39.523 
41.784 

9.179 

9.810 

10.479 

11.187 

1 1 . 936 

12.728 
13. 565 
14.450 
15  383 
16.367 

17.406 
18.503 
19.661 
20.883 
22.178 

23.546 
24.987 
26.505 
28.103 
29.785 

3 1 . 555 
33  416 
35.372 
37.427 
39.586 
41.853 

9.1594 

11 

9.7885 

12 

10.455 

13 

11.162 

14 

11.910 

15 

12.701 

16 

13.5375 

17 

14.4225 

18 

19 

16.343 

20 

17.3845 

21 

18.4845 

22 

19.6455 

23 

20.8705 

24 

22.165 

25 

23.5315 

26 

24.9715 

27 

26.448 

28 

28.084 

29 

29.7645 

30 

31.5325 

31 

33.391 

32 

35.345 

33 

37 . 398 

34 

39.5545 

35 

41.8185 

Values  in  column  I  from  International  Bureau  of  Weights  and  Measures. 

Values  in  column  II  calculated  by  Broch  and  Weibe  from  the  results  of  Regnault  and  Juhlin. 


Values  of  tt^  were  plotted  as  ordinates  and  those  of  p  as  abscissas. 

From  this  graph,  values  for  several  different  pressures  between  680  mm. 
and  770  mm.  were  obtained,  and  a  second  graph  was  made  on  an  en- 
larged scale  to  show  accurately  the  points  between  720  mm.  and  770 
mm.,  the  values  bearing  upon  the  table  being  calculated. 

To  check  the  value  of  B  take  any  pressure,  say  700  mm.,  and  cal- 

pv 
culate  t^,  as  follows: 
til 


pv 
~RT 


=   1  +  (-0.000  008  947  X  700) 
=  1  -  (0.000  008  947  X  700) 
=  0.993  737 
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Fig.  2.  Curves  for  Values  of  ^~ 

HI 


pv 
The  value  of  r~~z  read  from  the  chart  is  0.993736. 
Rl 

In  like  manner  calculations  at  pressures  of  740  mm.  and  770  mm.,  re- 
spectively, gave  comparisons  between  calculated  and  graph  values  of 
pv 


RT 


as  follows: 


Calculated  value  of 


Graph  value  of 


RT 

pv 
~RT 


Pressure  =  740  mm. 
0.9  933  793 

0.99  338 


Pressure  =  770  mm. 
0.99  312 

0.99  312 


These  results  prove  that  the  value  of  B  as  used  in  this  work  is  correct 
within  nesessary  limits,  to  values  determined  experimentally. 

9.  Comparison  of  Values  in  Old  and  New  Tables. — A  comparison 
between  the  old  and  new  tables  of  values  between  10  and  30  deg.  C.  for 
the  weight  of  carbon  dioxide  shows  that  use  of  the  new  formula  results 
in  an  appreciable  lowering  of  all  values  in  the  original  table.  The  differ- 
ence in  values  shows  a  lowering  of  from  0.0004  milligrams  per  cubic 
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centimeter  to  0.0016  milligrams,  the  maximum  change.  No  comparison 
can  be  made  for  temperatures  greater  than  30  deg.  C.  since  that  tempera- 
ture was  the  limit  in  the  original  table.  To  indicate  the  change  made  in 
values  a  brief  table  of  differences  follows,  showing  the  amount  by  which 
the  new  table  lowers  the  former  values  at  the  temperature  and  pressure 
indicated: 

Temp.  Eifferenc:s  in  mm.  per  c.  c. 

deg.  C.  720  mm.  730  mm.  740  mm.  750  mm.  760  mm.  770  mm. 

10 0.0010  0.0009    0.0007    0.0006    0.0005  0.0004 

15 0.0012  0.0010    0.0009    0.0007    0.0007  0.0006 

20 0.0013  0.0012    0.0011     0.0009    0.0009  0.0007 

25 0.0014  0.0013    0.0013    0.0012    0.0011  0.0010 

30 0.0016  0.0015    0.0014    0.0013    0.0012  0.0011 
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